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HIGHLY SELECTIVE MOLECULAR SENSOR BASED ON DUAL 
MIP/OCM ELEMENTS AND A METHOD OF USE THEREOF 

FIELD OF THE INVENTION 
5 This invention relates to the field of molecular sensors based on a quartz crystal 

microbalance (QCM) and molecular imprinting (MIP) and a method of use thereof This 
application claims benefit of filing date of U.S. Provisional Application Serial No. 
60/43 1 ,869 filed on December 9, 2002 pursuant to 35 USC § 1 1 9(e). 

BACKGROUND OF THE INVENTION 

10 Molecular sensors based on a quartz crystal microbalance (QCM) are sensitive 

and inexpensive devices that generate a fi^quency shift in the quartz crystal vibration 
when molecules interact with its surface. To achieve high sensitivity and high selectivity 
to a targeted substance, the QCM's active area (that in contact with the liquid) must 
normally be coated with a functional layer that complexes or adsorbs the substance. 

15 Sensitivity is defined as the lowest concentration of a substance that can be detected, and 
selectivity is defined as the ability to distinguish one substance in the presence of sunilar 
substances. When sensitive and selective to a liquid contaminant, QCM sensors are 
competitive with other sensor types in terms of cost, speed or response, physical size, and 
other measures of practical performance. In a thickness shear mode QCM device, the 

20 active area is a metal electrode. Various QCM coatings have been discussed in the 
literature. 

Molecular recognition is a basic biological process. Biotechnology has allowed 
the development of recognition molecules, which are designed to recognize and interact 
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with a specific target or ligand. The technique known as molecular imprinting permits the 
construction of molecules with specific recognition properties. The most mteresting 
aspect of this construction is that the target or ligand determines the structure of the 
construction. Molecular imprinting creates specific binding and catalytic sites for organic 

5 molecules in cross-linked network polymers. It involves pre-organization of 
polymerizable monomers around an imprinting molecule. After polymeri2ation and 
removal of the imprmted molecule, the solid polymer contains binding sites, which are 
conq)lementary in size and shape to the template. This cavity acts as a lock for the 
receptor by carefully shaped pores that amount to artificial receptors. The shape and 

10 chemistry of these pores enables them to serve as specific detectors. This concept of lock 
and key has been the basis of this technology. MIP has a highly specific molecular 
memory, and is capable of binding with the selected target molecule. MIP is more stable 
and robust with their highly cross-linked polymeric structure than, for example, real 
antibodies currently used in sensor technology. MIP may be used in harsher 

1 5 environments, such as bodily fluids. 

Designing sensors for pollutants has always been, and still is, an important 
technological challenge. Sensors are customarily required to possess more sensitivity and 
accuracy or selectivity in the recognition of the target molecule. Therefore, although there 
are already sensors that use QCM, the art continuously requires new technologies and 

20 methods to improve the sensitivity and selectivity of detection. QCM sensors are usefiil 
for detecting targeted chemicals or pollutants in a monitored area or solution. Though 
recent, the molecular imprinting technique is known ill the art to detect target molecules 
of pollutants. This has permitted obtaining very sensitive sensors for polycholoroaromatic 
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contaminants for detection in picomolar concentrations with a short response time. While 
some selectivity has been possible usmg prior art apparatus, this selectivity has not been 
sufficient to discrimmate without ambiguity between molecules of similar shape and 
chemistry and, in particular, when high concentrations of the antagonist have been 
S encountered. 

There is not found in the prior art a sensor that xises the combination of both QCM 
and MIP technologies yet ensures increased senility and selectivity to discrimmate 
without ambiguity between molecules having similar shape and chemistry, even in the 
presence of high concentrations of the antagonist. 

10 SUMMARY OF THE INVENTION 

It is an aspect of the invention to combine MIP's molecular recognition 
technology, which allows for the selective recognition of the targeted molecules by cross- 
Imked polymers, with QCMs, in a novel arrangement of these elements which utilizes 
two sensing elements, only one of which is molecularly imprinted. The invention uses 

15 two MIP/QCM sensors where the MIP coats a cross-linked templated polymeric layer of 
the QCM. One sensor possesses an hnprmted polymer and the other a non-imprinted 
polymer. Each sensor is connected to a subtractmg electronic device which receives the 
output of each sensor and con:q>ares attracted molecules by the imprinted QCM to those 
of the non-imprinted QCM. The invention combines two MIP/QCM in conjunction with 

20 specific novel chemistry to fabricate thin polymeric fihns which have been previously 
disclosed and described by the inventor under U.S. Patent Application Serial No. 
09/915,718 filed on July 26, 2001, which is incorporated by reference in its entirety. This 
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combination or arrangement of elements allows for the obtaining of a very sensitive and 
selective detection of contaminants. 

The QCM sensing element uses a coating of a cross-linked templated polymer 
layer to the QCM surface, such that cavities of molecular dimensions created in the 
5 polymeric matrix mamtain some molecular memory of the original tenqilate after its 
physical removal. The combination of elements in the invention, including the specific 
chemistry used in the febrication of polymer films, cause high selectivity and sensitivity 
of the sensor, reaching picomolar concentrations, and a short response time. 

This aspect of the invention is not meant to be exclusive and other features, 
10 aspects, and advantages of the present invention will be readily apparent to those of 
ordinary skill in the art when read in conjunction with the appended claims. 

BRIEF DESCRIPTION OF THE DRAWINGS 
FIG. 1 is an illustration showing the sensor system in accordance with the 
invention. 

15 FIG. 2 is an illustration showing a view of a molecular imprinted polymer QCM 

sensor interacting with the target molecules. 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 
The invention is an improved molecular sensor having two sensing elements A 
and B as illustrated in FIG. L Both elements, sensor 1 and sensor 2, are a QCM covered 
20 by a polymeric coating of the same chemistry. Only sensor 1 is molecularly imprinted. A 
subtracting electronic apparatus 3 is connected to sensors 1, 2 and compares the output 
signal coming fi'om sensor 1 and sensor 2 and measures intensity difference. An oiitput 
signal is then sent fi'om apparatus 3 to recording apparatus 4. 
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The invention operates as follows. The resulting signal V obtained in the presence 
of the target molecule is V = signal [A] - signal [B] > 0, while the signal W arising in the 
presence of an antagonist will be W = signal [A] - signal [B] > 0, Whatever the 
selectivity of the system, V > W. Recent analysis of previous experimental results 
5 suggests that in most cases, V will be much larger than W. It appears that most loss in 
selectivity, in previously described MIP/QCM sensors, arise from the non-selective 
interactions wit the polymeric matrix, and not from interactions with imprinted cavities. 
This has been demonstrated by analyzing the selectivity of various imprinted and non- 
imprinted coatings toward a range of very different molecules. A linear relationship 

10 between non-selective interactions and lipophilicity of the molecule was discovered, 
indicating that a significant part of the signal, even in imprinted systems, is coming from 
a partitioning mechanism from the aqueous solution to the lipophilic coating. 

In a preferred embodiment of the invention, a microprocessor is included to 
process the signal sent form the MIP/QCM sensors. The microprocessor can eflFect the 

IS subtraction operation and record the results showing the amoimts of contaminant present 
in the sample. 

Referring next to FIG.2, a schematic view of the QCM MIP sensors system is 
shown with a microprocessor 12 which serves as the subtracting apparatus 3 and recorder 

4. To demonstrate the interaction in practice, the QCM sensor 1 is covered by an MIP 
20 layer 6 that has been molecularly imprinted to recognize the target molecules or analytes 

5. The MIP receptor 6 consists of a layer of molecular imprinted polymer having 
recognition sites or cavities 8 that recognize and attracts specific target molecules 5. 
Another QCM sensor 2 with no molecularly imprinted recognition sites 1 1 is also part of 
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the invented system. An interface 9 and transducer 10 are depicted in FIG,2 as well. The 
molecules 5 that are attracted by the QCM 1 possessmg the molecularly imprmted layer 8 
and the molecules 5 attracted by the QCM 2 with the non-imprinted layer 11 cause a 
signal that is sent through the transducer 10. The signal is sent indicating the targeted 

5 molecule 5 recognized by the QCM 1 with molecular imprinted coating and the molecule 
attracted by the QCM 2 with no molecular imprint 11. This date is sent to a 
microprocessor 12 that will perform a subtracting operation and record these results. 

The illustrated embodhnents of the invention are intended to be illustrative only, 
recognizing that persons having ordinary skill in the art may construct different forms of 

10 the invention that folly fall within the scope of the subject matter disclosed herein. Other 
features and advantages of the invention will be apparent from the descriptions hereof 
and from the claims. 
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